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Abstract

Perioperative anaphylaxis is a rare, life-threatening, iatrogenic condition that predominantly arises following anesthesia. The
unique context of this condition, characterized by the concurrent administration of multiple drugs, patient draping, and al-
tered physiological states, presents significant diagnostic and therapeutic challenges, contributing to a higher mortality rate
compared to anaphylaxis in other settings. This narrative review synthesizes the evidence to delineate the evolving etiology,
pathophysiology, atypical clinical presentation, evidence-based immediate management, and strategic prevention of perioper-
ative anaphylactic reactions. The primary causative agents include neuromuscular blocking agents, antibiotics, and latex, with
emerging culprits such as chlorhexidine, dyes, and novel agents like remimazolam. Diagnosis is complicated by the paucity
of cutaneous signs; thus, cardiovascular collapse combined with a low end-tidal carbon dioxide level has emerged as a use-
ful supportive diagnostic indicator that requires integration with the clinical context. Immediate management prioritizes the
prompt administration of epinephrine and aggressive fluid resuscitation. Subsequent allergological investigations, primarily
via skin testing and serum tryptase/histamine measurement, are paramount for identifying the causative agent and prevent-
ing its recurrence. Prevention strategies emphasize meticulous history-taking, risk stratification, and the creation of latex-free
environments. Future directions must focus on establishing global surveillance networks, exploring novel biomarkers and risk
factors such as the circulating microbiome —a preliminary but promising area of research—and enhancing team preparedness
through simulation training to improve patient safety outcomes.

Introduction The diagnosis of perioperative anaphylaxis is particularly chal-
lenging due to the physiological changes associated with anesthe-
sia, such as the absence of subjective symptoms and the simulta-
neous use of multiple potential triggers, which often obscure the
classic clinical signs.?

While several studies have contributed to our understand-
ing of this rare phenomenon, the majority of existing evidence
remains heterogeneous and is often based on small case series
or anecdotal reports. Furthermore, many clinicians struggle to

Perioperative anaphylaxis is a rare but potentially life-threatening
condition that occurs during anesthesia, with an estimated inci-
dence between 1:2,000 and 1:20,000 procedures.!:> However, its
rapid progression and severe clinical consequences mean it carries
a higher mortality rate compared to other forms of anaphylaxis.

Keywords: Perioperative anaphylaxis; Etiology; Pathophysiology; Dagnosis; Man- integrate evolving knowledge into real-time perioperative deci-
agement; Prevention strategies. : s 4 .
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Pathophysiological mechanisms and the evolving etiological
landscape

Perioperative anaphylaxis is predominantly an immediate hypersen-
sitivity reaction, typically mediated by allergen-specific immuno-
globulin E (IgE), which induces mast cell and basophil degranula-
tion. Non-IgE-mediated (anaphylactoid) reactions, characterized by
direct mediator release, also occur and complicate the pathophysi-
ological understanding.’ These mediators contribute to vasodilation,
increased vascular permeability, and bronchoconstriction, culminat-
ing in cardiovascular collapse and respiratory distress.®

Primary and evolving triggers

Extensive research over several decades consistently identifies neu-
romuscular blocking agents (NMBAs) as the predominant cause of
perioperative anaphylaxis.”® Documented reactions have occurred
with various NMBAs, ranging from pancuronium to rocuronium.’
Antibiotics, particularly beta-lactams used for surgical prophylaxis,
represent the second most prevalent cause of perioperative anaphy-
laxis.? Latex allergy was previously a significant cause!’; however, its
incidence has declined in environments implementing effective latex-
avoidance policies.! The etiological landscape of this condition is con-
tinually evolving. Chlorhexidine, a widely utilized antiseptic, and dyes
such as patent blue are increasingly recognized as significant triggers.!
Notably, remimazolam has been increasingly reported as a potential
trigger of perioperative anaphylaxis in recent case reports and small
case series.!!"14 Some reports have suggested possible cross-reactivity
with midazolam!3; however, these observations remain inconclusive
and are based on isolated cases, underscoring the need for larger phar-
macovigilance datasets and further mechanistic investigations.

High-risk populations

There are identifiable risk factors associated with latex allergy.
High-risk groups include individuals with a genetic predisposition,
those with increased prior exposure, such as patients with spina bi-
fida or those requiring chronic bladder catheterization, healthcare
workers exposed via inhalation, and patients who have undergone
multiple surgeries.'> These considerations emphasize the impor-
tance of a meticulous preoperative history.

Exploration of emerging and experimental risk factors

Recent research has initiated an exploration of host-intrinsic factors
that extend beyond direct allergen exposure. A key study examined
bacterial DNA signatures in blood of patients with NMBA-related
allergic reactions.'® It found differences in the types and amounts of
certain bacteria, like Enterobacteriaceac and Veillonellaceae, com-
pared to healthy people. These bacteria were linked to tryptase and
specific IgE levels. These findings may help explain why some peo-
ple are more susceptible to drug allergies and may provide insights
into the mechanisms underlying these reactions.!” Although promis-
ing, these findings are based on a limited sample size and should be
considered exploratory at this stage. Further validation in larger co-
horts is essential before any clinical recommendations can be made.

Clinical diagnostic challenges and advances

Atypical clinical presentation

Diagnosing anaphylaxis during anesthesia presents a unique chal-
lenge due to its atypical clinical presentation. The lack of spontane-
ous breathing and the extensive use of sterile draping often hinder
direct observation of skin color and other cutaneous changes. Un-
like community-onset anaphylaxis, manifestations such as erythe-
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ma or urticaria are significantly less common during intraoperative
events.! Instead, the initial clinical indicator is often cardiovascu-
lar collapse, most commonly manifesting as severe hypotension. '8
This hemodynamic instability can easily be mistaken for the phar-
macological effects of anesthetic agents, and when combined with
the patient’s draped position and the simultaneous administration
of multiple drugs, it significantly complicates timely recognition
and accurate clinical assessment.?

Key diagnostic indicators

When diagnosing severe low blood pressure during surgery, it is
important to check for anaphylaxis, a serious allergic reaction.
Low blood pressure is common but not specific to anaphylaxis.

End-tidal carbon dioxide (ETCO,) monitoring is a valuable di-
agnostic tool.'® A key study found that in patients with severe low
blood pressure after anesthesia, a low ETCO, value is a strong sign of
anaphylaxis. The study showed that the average lowest ETCO, was
much lower in the anaphylaxis group than in those with low blood
pressure from other causes (17 mmHg vs. 32 mmHg; P < 0.001).
The accuracy of this test was very high, with an area under the curve
of 0.95 (95% confidence interval: 0.91-0.99). For a cutoff value of
about 23 mmHg, the test was 92% sensitive and 94% specific for an-
aphylaxis. This indicates a serious mismatch in ventilation and blood
flow due to bronchospasm and increased dead-space ventilation.

However, low ETCO, is not specific to anaphylaxis and can
also be observed in other causes of circulatory collapse (e.g., mas-
sive hemorrhage, pulmonary embolism). Accordingly, ETCO,
should be interpreted as a supportive bedside marker within the
broader clinical and hemodynamic context, not as a standalone di-
agnostic criterion.

Bronchospasm is another key indicator of anaphylaxis and can
manifest either independently or alongside other symptoms.'%-?
In cases of perioperative anaphylaxis (Ring and Messmer grades
III-1V), bronchospasm often forms part of a severe clinical pres-
entation. Anaphylactic bronchospasm is typically more intense
and is frequently accompanied by other anaphylactic signs, such
as hypotension, cutaneous flushing, and angioedema, which aid
in its identification. In patients with tracheal intubation, there is a
notable increase in airway pressure.

The role of biomarkers

Serum tryptase

The measurement of serum tryptase levels is essential for confirm-
ing mast cell activation in cases of perioperative hypersensitivity.
In a prospective, observational study, elevated serum tryptase lev-
els were observed in 71.4% of patients with suspected hypersensi-
tivity reactions, serving as a significant indicator for distinguishing
immune-mediated responses.?!

Plasma histamine

This mediator rises earlier but has a very short half-life. Obtain-
ing blood samples both immediately and within 1-2 h of onset
improves diagnostic yield; reported thresholds (e.g., ~1.5 ng/mL at
~30 min) offer high specificity but should be interpreted alongside
clinical findings.?!

Immediate management and subsequent investigation

Acute resuscitation

Early epinephrine administration has been shown to significantly im-
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prove survival outcomes.! The protocol includes stopping the infusion
of potential triggers, calling for help, administering 100% oxygen, ini-
tiating aggressive fluid resuscitation with crystalloids, and administer-
ing intramuscular or intravenous epinephrine titrated to the response.
These steps are concordant with recent practical guidance and authori-
tative clinical reviews, underscoring epinephrine as first-line therapy
and the frequent need for large-volume fluids due to capillary leak.??

Post-stabilization allergological workup

Once the patient is stabilized, it is imperative to conduct a system-
atic investigation to identify the causative agent.

Skin testing

Skin prick and intradermal tests are the cornerstone of diagnosis for
most anesthetic drugs.?? Fisher’s early work established the value
of these tests for reactions to induction agents and NMBAs.* They
are traditionally performed four to six weeks post-reaction. When
expedited surgery is required, carefully selected early testing may
be considered in specialized settings.

Drug provocation tests

Drug provocation tests can be considered in cases of high clinical
suspicion with negative skin tests. In cases of high clinical suspi-
cion with negative skin test results, a carefully graded drug chal-
lenge may be considered in a highly controlled setting. A case re-
port used a provocation test to definitively diagnose remimazolam
allergy, highlighting its definitive role while acknowledging its in-
herent risks.'3 This approach can be definitive but carries inherent
risks and is reserved for expert centers.

In vitro testing

Specific IgE assays (for latex, certain NMBAs, and antibiotics) can
provide supplementary evidence.!’

Prevention strategies and future directions
A Prevention-centric paradigm

Preoperative assessment

Meticulous history focusing on previous allergic reactions, atopy,
and specific exposures (e.g., latex) is essential.

Risk stratification and labelling

Screening high-risk patients (e.g., those with latex allergy) and
clear labelling of medical records.

Allergen-safe environments

The establishment of latex-free zones, particularly in operating and
recovery rooms, is a critical preventive measure. Avoiding known
trigger drugs is also important.

Premedication

Pretreatment regimens with antihistamines and corticosteroids,
effective for preventing some radiocontrast media reactions, are
not effective in preventing latex-induced anaphylaxis. Therefore,
environmental control and avoidance are central.

Future research and unmet needs

Epidemiological surveillance

The likely causative agent varies by geographic location. Globally,

Lian H. et al: Perioperative anaphylaxis: diagnosis & management

antibiotics (specifically penicillins and cephalosporins) are most
frequently connected with fatal drug anaphylaxis.?> Establishing
international, standardized registries (modelled on projects such
as NAP 06) is vital to track the evolving etiology and incidence in
real time.?

Diagnostic optimization

There are no prospective randomized studies that have evaluated
the use of a specific protocol of premedication for the prevention
of perioperative anaphylaxis.16 Therefore, it is critical to identify
and evaluate at-risk patients before any surgical procedure.

Mechanistic studies and risk prediction

The findings on the circulating microbiome are preliminary but po-
tentially important. Larger studies are required to validate whether
microbial signatures can serve as predictive or diagnostic biomark-
ers and to elucidate their mechanistic links to immune dysregu-
lation.'® Microbiome-associated signatures need validation, and
mechanistic links to immune dysregulation should be clarified.

Safety evaluation of novel agents

Expand pharmacovigilance for remimazolam and other emerging
agents to define incidence and cross-reactivity.

Simulation and team training

A study used eye-tracking to analyze anesthesiologists’ visual at-
tention during simulated crises and found that experienced provid-
ers allocated attention more effectively.2® High-fidelity simulation
improves recognition and crisis management; ongoing team train-
ing should be embedded into perioperative safety programs.

Limitations

This is a narrative (not systematic) review. Although we used a
structured search of PubMed and screened reference lists, publica-
tion bias and incomplete retrieval remain possible. Evidence for
several topics (e.g., remimazolam, chlorhexidine) derives largely
from case reports or small series, limiting generalizability and pre-
cluding incidence estimates. The microbiome literature is prelimi-
nary and hypothesis-generating. Recommendations are aligned
with contemporary guidance but may require local adaptation.

Conclusions

Perioperative anaphylaxis poses a dynamic and formidable chal-
lenge in the field of anesthesiology. Its pathophysiology is com-
plex, its presentation is often masked by the state of anesthesia,
and its diagnosis requires a high index of suspicion, guided by
specific signs such as profound hypotension coupled with low
ETCO,. The acute management of anaphylaxis must be swift and
protocol-driven, focusing on epinephrine and volume expansion.
Long-term patient safety relies on systematic prevention, includ-
ing risk-aware preoperative evaluation, awareness of both tradi-
tional and emerging triggers (latex, chlorhexidine, and remima-
zolam), and implementation of allergen avoidance protocols. By
integrating updated guidance, critically appraising the evidence
base for emerging agents, and summarizing practical diagnostic
and management steps, this review aims to support timely recogni-
tion and effective treatment. Future priorities include international
surveillance, biomarker development, rigorous evaluation of novel
agents, and sustained team training
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